The salivary glands of scrapie-affected sheep and healthy controls were investigated for the presence of the pathological prion protein (PrP Sc ). PrP Sc was detected in major (parotid and mandibular) and minor (buccal, labial, and palatine) salivary glands of naturally and experimentally infected sheep. Using Western blotting, the PrP Sc concentration in glands was estimated to be 0.02 to 0.005% of that in brain. Immunohistochemistry revealed intracellular depositions of PrP Sc in ductal and acinar epithelia and occasional labeling in the lumina of salivary ducts. The presence of PrP Sc in salivary glands highlights the possible role of saliva in the horizontal transmission of scrapie.
Scrapie of sheep and goats is a transmissible spongiform encephalopathy or prion disease. The key feature of this group of fatal neurodegenerative diseases is represented by the posttranslational modification of the normal cellular host-derived, protease-sensitive prion protein, PrP C , into an abnormal protease-resistant isoform named PrP Sc (17) . Epidemiological and experimental studies suggest that the spread of scrapie among sheep occurs mainly by horizontal transmission, either by direct transmission or by prions being shed into the environment (10) . Lateral transmission was observed when scrapie agentinfected sheep were in close contact with healthy sheep which had no previous scrapie exposure (19) . For horizontal transmission, the shedding of the scrapie agent from infected body compartments to the external environment has to be postulated. The placentas of infected sheep could represent a source of environmental contamination (18) . In sheep, it has also been shown that the cooccurrence of scrapie and lentiviral infection may lead to PrP Sc accumulation in ectopic lymphoid follicles of mammary glands (12) , pointing to the milk as a possible route by which direct transmission could occur. Until now, salivary glands have not been extensively investigated for the presence of infectivity or PrP Sc . Nonetheless, it has previously been shown that the salivary glands of experimentally challenged mice and minks may accumulate prions (5, 7, 20) . Traces of infectivity have been detected in the salivary glands of a scrapie-affected goat (6) and of a bovine spongiform encephalopathy-affected kudu (4) .
We investigated the salivary glands from 18 sheep with susceptible PrP genotypes (ARQ/ARQ [n ϭ 11], ARQ/AHQ [n ϭ 7]), either naturally infected (n ϭ 9) or experimentally challenged by the oral route (n ϭ 9), and from 15 of ovine PrP; diluted 1:250; R-Biopharm), applied for 1 h at room temperature. Paraffin-embedded tissue (PET) blotting was performed as previously described (16), using MAb 2G11 (dilution, 1:200). Western blotting was performed as previously described (23) with minor modifications. Briefly, salivary glands were carefully isolated from muscles, lymphoid tissue, and oral epithelium under a dissecting microscope. Isolated glands (0.2 to 1 g) were cut into small pieces and incubated for 2 h in phosphate-buffered saline, pH 7.4, with 2.5 mg/ml collagenase A (Sigma) and 2 mM CaCl 2 before being homogenized to 20% (wt/vol) in phosphate-buffered saline. After digestion with proteinase K (50 g/ml for 1 h at 37°C) in the presence of 2% N-laurylsarcosine (Sigma) and centrifugation at 20,000 ϫ g, pellets were denatured in loading buffer and loaded at 50-to 100-mg tissue equivalents per lane. Collagenase and protease treatments were omitted for the detection of PrP C . Selected samples were deglycosylated with N-glycosidase F (Roche) according to the manufacturer's instructions. The blots were revealed with MAb P4 (0.4 g/ml; R-Biopharm).
PrP Sc was detected in the parotid (nine of nine sheep), mandibular (six of seven), buccal (five of eight), palatine (five of six), and labial (two of two) glands of sheep with natural scrapie as well as in the parotid (seven of nine) and buccal (four or four) glands of experimentally challenged sheep. Overall, there was a good correlation between Western blot and immunohistochemistry results, although PrP Sc was detected by immunohistochemistry in only two cases and by Western blotting in only one case. Collectively, 16 out of 18 (89%) scrapie-affected sheep showed PrP Sc in at least one salivary gland.
The patterns of immunohistochemistry labeling were similar in naturally and experimentally infected sheep. In both the mucous and serous glands, immunostaining was characterized by multifocal, lobular distribution associated primarily with ductal epithelium and acinar cells ( Fig. 1 and 2) . Moreover, immunolabeling, associated in some cases with cellular debris, was observed within the lumina of salivary ducts draining saliva into the oral cavity (Fig. 2C) . PET blot analysis showed that these positive deposits were proteinase K resistant ( Fig. 1 and  2) . The intensity and cellular location of immunostaining varied with the antibody used. In parotid glands, granular intracellular deposits in ductal cells were immunolabeled mainly by 2G11, while F99 decorated the luminal surfaces of the same cells (Fig. 1C) . Occasionally, F99 and L42 showed immunolabeling in the interstitia of parotid glands. In minor salivary glands, 2G11 showed a stronger intraepithelial labeling than F99 and L42, revealing intracellular granular labeling associated with acinar and ductal epithelia ( Fig. 2B and C) . Given that the antibodies used recognize different PrP epitopes, these findings suggest that PrP Sc accumulating in the various cellular compartments may expose different epitopes in formalin-fixed tissue sections. This could imply, for example, that intracellular PrP Sc in ductal cells is conformationally distinct from that present on the luminal surface.
By Western blotting, PrP C was detected in the salivary glands of scrapie-affected and healthy sheep (Fig. 3A) . After protease digestion, the typical three-band pattern of PrP Sc was detected only in scrapie-affected sheep, in all types of salivary glands investigated (Fig. 3B) . Protease-resistant PrP Sc from salivary glands and brain displayed similar molecular weights upon deglycosylation (Fig. 3C) . By plotting Western blot signals of glands against those of scrapie agent-infected brain, spiked and serially diluted in negative parotid gland homogenate, we determined that the PrP Sc concentration in salivary glands ranged between 0.02 and 0.005% of that in brain (Fig. 3C) .
Taken together, these findings clearly show that a significant (9, 15) . In contrast, PrP Sc has not been detected before in the salivary glands of scrapieaffected sheep (9) . The discrepancy between our results and those reported by Herrmann et al. (9) could be explained by the different antibodies used, although differences related to the scrapie strain involved cannot be ruled out. In sheep scrapie, PrP Sc is detected primarily in nervous and lymphatic cells. Nevertheless, it has also been found recently in muscle spindles (2) , trophoblastic cells of placenta (1, 22) , papillae of tongue (3) , and the interstitium of kidney (21) . To our knowledge, this is the first report on the presence of PrP Sc within secreting epithelial cells, and this finding may have important implications for understanding the mechanisms by which naturally occurring transmissible spongiform encephalopathies, such as scrapie and chronic wasting disease, spread by horizontal transmission (14, 19) . Further studies are needed to investigate the pathway leading to salivary gland involvement. However, the presence of prions in the blood of sheep with scrapie or bovine spongiform encephalopathy (11) suggests a potential route of infection of tissues such as kidney and salivary glands.
To date, prion infectivity has not been described to occur in saliva, nasal secretions, respiratory aerosols, urine, or feces in animals with naturally occurring scrapie infections. However, prion excretion in urine has been demonstrated in prion-infected transgenic mice with chronic lymphocytic inflammation of the kidney (8) . Furthermore, it has recently been shown that prions are present in the saliva of deer with chronic wasting disease (13) . Our findings indicate that in sheep with scrapie, PrP Sc deposits are associated with acinar and ductal epithelial cells of the salivary glands and can be detected in gland secretion. Further investigations by bioassays are in progress to evaluate whether this evidence substantiates the theory that saliva is a potential route for the horizontal transmission of scrapie.
